Objective: To compare the number of surgical site infections (SSIs) registered after hospital discharge with respect to various surgical procedures and to identify the procedures for which postdischarge surveillance (PDS) is most important. Design: Prospective SSI surveillance with voluntary PDS. Recommended methods for PDS in the Dutch national nosocomial surveillance network are addition of a special registration card to the outpatient medical record, on which the surgeon notes clinical symptoms and whether a patient developed an SSI according to the definitions; an alternative method is examination of the outpatient medical record. Setting: Hospitals participating in the Dutch national nosocomial surveillance network between 1996 and 2004. Results: We collected data on 131,798 surgical procedures performed in 64 of the 98 Dutch hospitals. PDS was performed according to one of the recommended methods for 31,134 operations (24%) and according to another active method for 32,589 operations (25%), and passive PDS was performed for 68,075 operations (52%). Relatively more SSIs were recorded after discharge for cases in which PDS was performed according to a recommended method (43%), compared with cases in which another active PDS method was used (30%) and cases in which passive PDS was used (25%). The highest rate of SSI after discharge was found for appendectomy (79% of operations), followed by knee prosthesis surgery (64%), mastectomy (61%), femoropopliteal or femorotibial bypass (53%), and abdominal hysterectomy (53%). Conclusions: For certain surgical procedures, most SSIs develop after discharge. SSI rates will be underestimated if no PDS is performed. We believe we have found a feasible and sensitive method for PDS that, if patients routinely return to the hospital for a postdischarge follow-up visit, might be suitable for use internationally.
INTRODUCTION
Surgical site infections (SSIs) are the second most common type of nosocomial infection, after urinary tract infection, and account for approximately 17% of all nosocomial infections. 1 SSIs lead to increased morbidity and costs, because patients who develop SSIs have a longer hospital stay, are more likely to be readmitted, and are more likely to die. [2] [3] [4] [5] [6] [7] [8] [9] [10] SSI rates, especially in clean surgery in which no bacteria-colonized tract of the body is opened, are considered an indicator of the quality of surgical and postoperative care given in hospitals.
Over the past decade, there has been an increasing trend toward shorter length of hospital stay and use of ambulatory day surgery. Thus, an increasing proportion of SSIs occur after the patient has left the hospital, which makes postdischarge surveillance (PDS) increasingly important. If no PDS is performed, SSIs will be missed, and the recorded infection rates will be underestimations of the real infection rates. Furthermore, inter-hospital comparison may not be valid if the sensitivity and specificity of the PDS methods used are not similar. Unlike for inpatient SSI surveillance, there is no international consensus on the optimal method for PDS. 3, 11, 12 Two challenges for a good method of PDS are to follow up all patients and to accurately diagnose the presence or absence of an SSI. Direct examination of the wounds of all patients by a trained professional is often used as the "gold standard" for detection of SSIs. For PDS this method is, however, labor-intensive, difficult to perform routinely, and very expensive. 12 Therefore, the third challenge is feasibility, with limited time investment. In the Netherlands in 1998, a literature review was conducted to assess whether there was a method for PDS that would be feasible for all hospitals, in terms of a high sensitivity and a low time investment. 13 As a result of that study, in the Dutch national nosocomial surveillance network PREZIES ("PREventie van ZIEkenhuisinfecties door Surveillance") 2 methods for PDS are recommended. The first method is addition of a special registration card to the outpatient medical record, on which the surgeon notes clinical symptoms and whether a patient developed an SSI according to the definitions. This is recommended as a feasible and reliable method for PDS in the Netherlands, because almost every patient is seen again by the surgeon after hospital discharge. A crucial point is that the surgeon returns the registration cards of all patients who visited the outpatient clinic. If the feedback and collaboration of the surgeon are suspected to be unsatisfactory, the method needs to be validated internally. If unsatisfactory validity is observed, (additional) examination of all outpatient medical records is the alternative recommended method for PDS. A condition of this method is that the medical reporting in the outpatient record is sufficient.
Examples of other -not recommended -active PDS methods that can be used are questionnaires sent to patients, questionnaires sent to surgeons, and telephone interviews with patients. If no active PDS is performed, SSIs can still be detected accidentally (for instance, when patients are hospitalized for this type of infection). This is called "passive" PDS. Studies that examine the value added by PDS to SSI surveillance often focus on only one or a few surgical procedures and usually involve a single hospital. 3, 6, 8, 14, 15 With this approach, it is impossible to discover the procedures for which PDS is most essential, which may be important for efficient allocation of resources.
In the present study, we analyzed PREZIES data on several surgical procedures from 62 hospitals. The purpose was to compare the number of SSIs registered after discharge with respect to various surgical procedures and to identify the procedures for which PDS is most important. In addition, we compared SSI rates obtained with recommended PDS methods and those obtained with other active PDS methods and with passive PDS.
METHODS
The PREZIES network in the Netherlands started in 1996 with surveillance of SSIs. Participation in PREZIES is voluntarily. Hospitals are free to make a selection of procedures they want to include in the surveillance. They can also choose how long they want to participate, but a minimum of 3 months is recommended, to obtain enough data for reliable results. According to the PREZIES protocol, patients younger than 1 year are excluded as well as patients with an infection at hospital admission. For the current study, patients were also excluded if the method for PDS was unknown or if the date of infection was unknown. The definition of an SSI used is based on the definition of the Centers for Disease Control and Prevention, 11, 16 which was translated by the Dutch Working Party on Infection Prevention. 17 We have chosen to evaluate both deep incisional and organ-space SSIs under the umbrella term "deep SSI". According to the CDC definition of nosocomial infection, an SSI is an infection that occurs within 30 days after the operation if no implant is left in place or within 1 year after the operation (only deep SSIs) if an implant is left in place and the infection appears to be related to the operation. An implant is understood to mean a non-human-derived implantable foreign body (eg, a prosthetic heart valve, a non-human vascular graft, a mechanical heart, or a hip prosthesis) that is permanently placed in a patient during surgery. To ensure that PDS was completed for all records in the database, we excluded data from the year 2004 for specialties in which implants are often used; this was done for bone surgery and vascular surgery. The person responsible for the surveillance (predominantly the infection control professional) ensures that everybody involved collects data according to the surveillance protocol and uses the right definitions. To monitor the quality and reliability of the surveillance data in PREZIES, the surveillance at each participating hospital is validated at least once every 3 years. The following information is collected on the patients, procedures, hospitals, and infections: the patient's sex and date of birth; the dates of admission, surgery, and discharge; the type and duration of the procedure; the American Society of Anesthesiologists physical status score 18 for the severity of any underlying disease; the wound contamination class; 11 
RESULTS
The PREZIES network has collected SSI data on 143,321 procedures from 1996 to 2004. These data were collected at 73 hospital sites in 64 hospitals of the total of 98 hospitals in the Netherlands. One record was excluded because the infection date was unknown, and 8,122 records were excluded because the method for PDS was unknown. We also excluded vascular surgery and bone surgery data from 2004 (records on 3,400 procedures), because the 1-year postdischarge follow-up period for implant surgery had not passed yet. Therefore, the results we describe are based on data for 131,798 records from 73 hospital sites (hereafter referred to as "hospitals"). The number of hospitals participating yearly varied between 29 and 50 during the period 1996-2003 and was 11 in 2004. This low number of participating hospitals in 2004 occurred partly because not all hospitals had sent in their data yet at time the analyses were performed and partly because the records for vascular and bone surgery were excluded. PDS was performed according to one of the recommended methods for 31,134 operations (24%) and according to another active method in 32,589 operations (25%), and passive PDS was performed in 68,075 operations (52%) ( Table 1) . Relatively more postdischarge SSIs were recorded for cases in which PDS was performed according to one of the recommended methods (43% of operations), compared with cases in which other active PDS was used (30%) or passive PDS was used (25%).
In Table 2 , the type of SSI detected -superficial or deep-is compared for SSIs that developed during and after hospitalization, stratified by PDS method. For 49 operations, information on the type of SSI was missing, and therefore these operations are excluded from the analysis. Relatively more superficial SSIs were recorded when PDS was performed according to one of the recommended PDS methods. A relatively smaller proportion of superficial SSIs were recorded after discharge (48% of SSIs) than before discharge (57%), but the proportion of superficial SSIs identified after discharge was higher with use of a recommended PDS method than with use of other active and passive PDS methods. The differences between PDS methods in the types of SSI identified were larger for postdischarge SSIs (P < .001) than for in-hospital SSIs (P = .17). Figure 1 shows that the percentage of hospitals that predominantly performed PDS according to one of the recommended methods increased from 24% in 1996 to 50% in 2003. Both a shorter length of stay and use of a recommended PDS method result in a higher proportion of infections being detected after discharge. Only for total hip prosthesis surgery, a frequently performed procedure, was there a clear decrease in the median length of stay for patients without an SSI observed, from 13 days during 1996-1999 to 10 days during 2000-2003 (P < .001, data not shown). Simultaneously, there was an increase in the percentage of SSIs that developed after discharge for this procedure, from 23% to 44% (P < .001, data not shown). This increase was similar for all PDS methods (P = .83). Thus, the relatively high proportion of postdischarge SSIs detected by the recommended PDS method, compared with other methods, truly is the result of using this PDS method and cannot be explained by shorter hospital stays. However, the mean proportion of SSIs associated with total hip surgery that were detected after discharge during the period 1996-2003 gives an underestimation of the proportion of SSIs detected after discharge in recent years. Table 3 shows the number of SSIs identified, overall and after discharge, by recommended PDS and passive PDS, according to the type of surgical procedure. For 10 procedures, a higher total SSI rate was recorded with use of recommended PDS than with use of passive PDS; the opposite was the case for 4 procedures. Relatively fewer SSIs were recorded after discharge with use of passive PDS, compared with recommended PDS, for 13 of 14 procedures. The highest percentage of postdischarge SSIs (ie, postdischarge SSI as a percentage of all SSIs) identified by recommended PDS was found for appendectomy (76%), followed by knee prosthesis surgery (64%), mastectomy (61%), femoropopliteal or femorotibial bypass (53%), and abdominal hysterectomy (53%). Table 4 shows the number of deep SSIs identified by recommended PDS and by passive PDS during and after hospitalization, according to surgical procedure (procedures for which at least 10 deep SSIs were identified by both PDS methods). For 8 of the 9 procedures, recommended PDS identified relatively more deep SSIs after discharge than did passive PDS. The percentage of postdischarge deep SSIs identified ranged from 1% for colon resection with passive PDS to 79% for knee prosthesis with recommended PDS. In addition, we investigated differences in the duration of hospital stay for patients with and patients without SSIs, considering only procedures where one of the recommended PDS methods was used and at least 100 operations and 10 SSIs were registered. The median hospital stay for patients without an SSI varied from 3 days for hernia inguinalis surgery to 17 days for removal of an infected hip prosthesis. For all types of procedures together, patients with an SSI detected during hospitalization had a longer median hospital stay (23 days) than did patients without an SSI (10 days) and patients with a postdischarge SSI (9 days). Thus, an SSI that developed before discharge resulted, on average, in 14 extra hospital days, ranging from 5 extra bed days for a caesarean section to 42 extra bed days for a femoropopliteal or femorotibial bypass (values not corrected for risk factors). Figure 2 shows the percentage of all SSIs (both superficial and deep together) according to postoperative day, that developed during the hospital stay and after discharge. The peak for SSIs recorded during the patient's hospital stay was during postoperative week 1, and the peak for SSIs recorded after discharge was during postoperative week 2. Of the infections detected during the hospital stay, 90% of the superficial SSIs was detected at day 16, and 90% of the deep SSIs were detected at day 20. Of the infections detected after discharge, 90% of the superficial SSIs was detected at day 25, and 90% of the deep SSIs was detected at day 122. We also examined whether there was a relationship between the time to infection and the wound contamination class. For procedures in contamination class 1, the median time to infection was 12 days; for contamination class 2, it was 9 days; for contamination class 3, it was 9 days; and for contamination class 4, it was 7 days. For procedures in contamination class 1, 37% of SSIs were found after discharge; for contamination class 2, 22%; for contamination class 3, 17%; and for contamination class 4, 15%. The distribution of the time to infection was significantly different between wound contamination classes (P < .001).
DISCUSSION
The increasing trend towards more outpatient surgery and a shorter postoperative hospital stay makes it more difficult for infection control professionals to detect all SSIs. Therefore, PDS becomes increasingly important to obtain correct and complete -and thus useful-infection frequency data. According to our national surveillance data, up to 79% of SSIs (for appendectomy) occurred after the patient's discharge from the hospital. The methods for PDS recommended by the Dutch national surveillance network, PREZIES, are addition of a special registration card to the outpatient medical record, on which the surgeon notes clinical symptoms and whether a patient developed an SSI according to the definitions; an alternative is examination of the outpatient medical record. These methods are considered to be achievable and reliable for most Dutch hospitals, because almost every patient is seen by their surgeon after discharge. Besides the recommended methods, other PDS methods could be used, such as telephone interviews or questionnaires filled in by the surgeon or patient. The disadvantage of questionnaires is that by no means all of them will be returned. Moreover, self-assessments by patients are not very reliable. Telephone interviews by the infection control professional can result in more reliable information but are very time-consuming. Questionnaires filled in retrospectively by surgeons sometimes have a low sensitivity. Direct observation of the wound by a surgeon or infection control professional (one who is familiar with the definition of an SSI) has seemed more reliable, but is also more expensive and time-consuming. 3, 12, [19] [20] [21] [22] Another issue, besides the costs and time consumption, is the follow-up rate. Rates of follow-up can be influenced by socioeconomic conditions, levels of education, population density, availability of transport and population mobility. When follow-up is inadequate, the follow-up "responders" may no longer be representative of the original population. A potential bias is introduced (attrition bias). 23 The follow-up rates in Dutch hospitals are high, as (almost) every patient returns to the hospital or outpatient clinic after discharge. However, our surveillance data cannot provide sensitivity estimates for our recommended PDS methods because we could not compare it with a "gold standard". If one of the two methods for PDS recommended by PREZIES was used, a higher proportion of SSIs were found after discharge (43%) than if another active method (30%) or passive surveillance (25%) was used. No distinction between the two recommended PDS methods could be made, as it was not separately recorded which of the two methods was used. It is favorable that, since 1999, the relative number of Dutch hospitals participating in PREZIES that used a recommended PDS method has increased, up to 50% in 2003. This increase since 1999 might be explained by the fact that the importance of using the recommended methods has been brought to the attention of healthcare professionals multiple times since 2000; for example, during the yearly workshops organized by the PREZIES network and during validation visits. It is remarkable that for some surgical specialties (peripheral blood vessel surgery and mammary surgery), PDS is rarely performed according to one of the recommended methods (for 14% and 14% of operations respectively), whereas many SSIs occur after discharge (51% and 63% of SSIs, respectively). We should focus on these specialties and try to convince the surgeons and infection control professionals of the importance of performing PDS for these specialties. The reported percentage of SSIs found after discharge differs greatly between countries. This depends on the type of procedures for which surveillance is performed but might also be influenced by differences in PDS methods and differences in length of hospital stay. For example, for knee prosthesis surgery, Friedman et al. 24 found 72% of the SSIs after discharge, whereas we found 64% after discharge. For cesarean section, 2 studies recorded 83% of the SSIs after discharge, 20,25 whereas we found 68% after discharge (data not shown). Hardly any study examined and reported the number of SSIs discovered through passive surveillance. Medina-Cuadros et al. 26 found 14% after discharge by passive surveillance. In our study, 25% of the SSIs were detected by passive surveillance after discharge. Differences in the performance of PDS methods makes it hard to compare SSI rates between hospitals or between countries, especially when information on PDS is not registered, which for example is the case for the National Nosocomial Infections Surveillance System data.
In our study, the number of SSIs recorded after discharge depended on the wound contamination class. This is partly because patients with a higher wound contamination class have a longer hospital stay. 26, 27 However, the time to infection was also shorter with increasing wound contamination class. A likely explanation is that contamination during surgery contributes to wound infection, so that infection following procedures classified as "dirty" is likely to develop quickly, but infection following a procedure classified as "clean" is likely to present later, usually after hospital discharge. We found relatively fewer superficial SSIs after discharge than before discharge from the hospital. This is partly caused by the difference in definition; superficial SSIs may occur until 30 days after surgery, and deep SSIs may occur until 1 year after surgery, for a synthetic (non-human-derived) implant. Another explanation might be that superficial infections are less severe than deep SSIs. Therefore, patients with superficial SSIs will less often return to the hospital, which results in an underestimation of the number of superficial SSIs that occur after hospital discharge. However, even with passive PDS, 38% of the postdischarge SSIs were superficial. Apparently, SSIs are noticed and registered even though no active PDS method is used. The way passive PDS is performed will differ between hospitals. Some might not register postdischarge SSIs at all, whereas others might watch carefully for readmitted patients with an SSI. However, this detailed information on the performance of passive PDS by hospital is not available. With use of a recommended method for PDS was used, the percentage of all deep SSIs that developed after discharge was highest for knee prosthesis surgery, appendectomy, revision of total hip prosthesis, and total hip prosthesis surgery. In particular, PDS should be performed for surveillance of such procedures, because deep SSIs are more severe than superficial SSIs and have more negative consequences for patients and higher costs. Because of the more severe side effects, a patient with a deep SSI is more likely to return to the hospital after discharge, at which time a deep SSI can be found by passive surveillance. However, this assumption is not confirmed by the PREZIES data, because the ratio of deep SSIs identified after discharge to deep SSIs identified in the hospital was lower for nearly all surgical procedures with use of passive PDS, compared with use of a recommended method for PDS. Thus, it seems that not all patients with a deep SSI return to the hospital where the surgery was performed. In addition, passive PDS might have a lower sensitivity. Some studies have shown that there are important epidemiologic differences between in-hospital SSIs and postdischarge SSIs. 15, 26, 28, 29 Although inpatients with SSIs were characterized by known risk factors, patients with a postdischarge SSIs were not. For most of the classic risk factors, patients with postdischarge SSI were more similar to non-infected patients than to patients with an in-hospital SSI. If postdischarge SSIs are taken into account in the analysis of risk factors for SSI, it would decrease the degree of association between classic risk factors and SSI risk to an extent related to the proportion of postdischarge SSIs among all SSIs. 26 Data in the present study also demonstrated differences in risk factors between patients with inhospital SSIs and patients with postdischarge SSIs according to the type of surgical procedure. However, there were no obvious risk factors for in-hospital or postdischarge SSI that were similar for several surgical procedures (data not shown).
In summary, it appears that for comparison of SSI rates, it is extremely important to know whether and how PDS was performed. In each report, publication or communication, the PDS method used and the proportion of patients seen after discharge should be given routinely. In the Dutch SSI surveillance system, recording the PDS method used is compulsory; however, it is not mandatory to record whether each patient is seen again by the surgeon after discharge. But we do regularly emphasize the importance of registering the latter information. Because surveillance that includes PDS yields the most correct infection rates (ie, those with the smallest underestimations), it is best to perform PDS, especially if conducting surveillance for procedures that usually have a short length of stay and/or many infections that occur after discharge.
In the current study, performance of active PDS appeared to be extremely important for most surgical procedures. Because of the significance of PDS, the yearly Dutch national reference SSI rates for each type of surgical procedure are given separately for (1) operations in which PDS was performed according to one of the two recommended methods (in-hospital and postdischarge SSIs are reported together) and for (2) all operations with or without PDS performed, in which only the in-hospital SSIs were reported. Therefore, each hospital can compare their own infection rates with appropriate national reference numbers. Ideally, all hospitals would perform PDS in the same way. We believe we have found a feasible and sensitive method for PDS that may be suitable for use internationally, in circumstances in which patients routinely return to the hospital for postdischarge checkup and healthcare workers can be convinced of the importance and value of PDS.
